(19) 



(12) 



(43) Date of publication: 

15.01.1997 Bulletin 1997/03 

(21) Application number: 96304696.6 

(22) Date of filing: 26.06.1 996 



EuropSisches Patentamt 
European Patent Office 
Office europSen des brevets (11) EP 0 753 950 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : H04L 12/44 



(84) Designated Contracting States: 


(72) Inventor: Bennet, Arthur T. 


DE FR GB 


Coppell, Texas 75019 (US) 


(30) Priority: 12.07.1995 US 501288 


(74) Representative: Brunner, Michael John et al 


(71) Applicant: Compaq Computer Corporation 


GILL JENNINGS & EVERY 


Broadgate House 


Houston Texas 77070 (US) 


7 Eldon Street 




London EC2M 7LH (GB) 



(54) Adaptive repeater system 

(57) A network (10) includes an adaptive repeater 
(12) that can service data devices (18,20,22,26,28,30) 
at different data rates. The data devices are coupled to 
ports (34) of the adaptive repeater and operate at a first 
rate in a first domain (14). The data devices are also 



coupled to other ports of the adaptive repeater and 
operate at a second rate in a second domain (16). 
Repeaters (24,32) and bridges (40,42) may also be 
coupled to the adaptive repeater. 




FIG. 2 



o> 

CO 
LO 



Q. 
LLJ 



Primed by Rank Xerox (UK) Business Services 
2.13 13/3.4 



EP0 753 950A1 



Description 



This invention relates to the field of networking data 
devices, and more particularly to an adaptive repeater 

^Ethernet is a common communications standard 
used in local area networks (LANs) to share information 
among computers, printers, moderns, .and.other data 
devices. A traditional Ethernet network operates at 
transmission rates of ten megabits per second (Mbps). 
but there is currently a move in the networking industry 
towards higher capacity 100-Mbps networks. This tran- 
sition towards higher transmission rates often results in 
hybrid systems that service both 10-Mbps and 100- 
Mbps data devices. 

A repeater in a network receives data from a data 
device and re-transmits the data to the remaining data 
devices attached to the repeater. For example, a 10- 
Mbps repeater with six ports may receive a data mes- 
sage on one of its ports and repeat or re-transmit the 
message to the remaining five ports. Without bridging 
devices each data device coupled to the repeater nor- 
mally operates at 10-Mbps. To service 100 -Mbps data 
devices, the network could add an additional 100-Mbps 
repeater. 

As networks evolve with a mix of data devices oper- 
ating at different data rates, repeater couplings and 
hardware must also be modified. 

Therefore, a need has arisen for a repeater that can 
service data devices at different data rates. 

In one embodiment of the present invention, a sys- 
tem for communicating data includes a plurality of data 
devices, each data device operable to communicate 
data at one of a first rate and a second rate. A repeater 
coupled to the data devices includes a first repeater 
module operable to receive first data from a first data 
device operating at the f irst rate and to communicate the 
first data to the remaining data devices operating at the 
first rate The repeater also includes a second repeater 
module operable to receive second data from a second 
data device operating at the second rate and to commu- 
nicate the second data to the remaining data devices 
operating at the second rate. 

In another embodiment of the present invention, a 
method for exchanging data among a plurality of data 
devices coupled to a repeater includes: communicating 
data from a transmitting data device to the repeater at a 
data rate; communicating the data, in response to the 
data rate, to one of a f irst repeater module and a second 
repeater module residing in the repeater; and communi- 
cating the data from the selected one of the first 
repeater module and the second repeater module to 
other data devices coupled to the repeater and operat- 
ing at the data rate of the transmitting data device. 

Technical advantages of the present invention 
include providing a repeater that services data devices 
operating at different data rates. This is accomplished 
by providing a plurality of interface circuits coupled to 
the data devices that can transmit and receive data at 



different rates. In one embodiment each of the interface 
circuits are coupled totwo repeater modules operating 
at different data rates. This architecture provides the 
advantage of automatically determining the rate of a 
data device coupled to the repeater and servicing that 
data device with the repeater module operating at the 
same rate. The present invention eliminates the need to 
modify couplings at the repeater to maintain consist- 
ency in the data rates. This is a particular advantage 
w when the transmission media coupling data devices to 
the repeater supports different data rates. Furthermore, 
the present invention allows modif ication of data rates at 
the data device without requiring modifications to 
repeater hardware or couplings. The repeater can 
, 5 include bridge ports on the repeater modules, as well as 
uplink ports for coupling to additional repeaters. 

For a more complete understanding of the present 
invention and for further features and advantages, refer- 
ence is now made to the following description taken in 
20 conjunction with the accompanying drawings, in which: 
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FIGURE 1 illustrates a network of data devices; 
FIGURE 2 is a schematic representation of a 
repeater; and 

FIGURE 3 is a flow chart of a method of communi- 
cating data using the repeater. 



FIGURE 1 illustrates a network 10 for interconnect- 
ing a plurality of data devices. Network 10 includes an 
30 adaptive repeater 12 servicing data devices in a first 
domain 1 4 operating at a first rate and data devices in a 
second domain 16 operating at a second rate. Network 
1 0 can operate as an Ethernet local area network (LAN) 
(specified in iEIE 802.3), a fast Ethernet LAN (specified 
35 in IEEE 802.3u), or as any other network for communi- 
cating data among data devices coupled to adaptive 
repeater 12. 

First domain 14 includes data devices 18, 20. and 
22 Second domain 16 includes data devices 26. 28. 
40 and 30. Data devices 1 8. 20. 22. 26. 28, and 30. repre- 
sented collectively by exemplary data device 1 8, include 
any source or destination of data connected to network 
10. Data device 18 is any type of data terminal equip- 
ment (DTE) that allows either input or output of data. 
45 For example, data device 18 can be a computer, work 
station, file server, modem, printer, or any other device 
that can receive or transmit data in network 10. Data 
devices 18, 20, and 22 transmit and receive data at a 
first rate such as 10-Mbps using traditional Ethernet 
so protocol. Data devices 26. 28, and 30 transmit and 
receive data at a second rate, such as 100-Mbps using 
fast Ethernet protocol. Data devices may be coupled to 
adaptive repeater 12 using unshielded twisted pair 
(UTP). shielded twisted pair (STP), fiber optic lines. 
55 wireless links, such as infrared or radio frequency links, 
or any other link that allows communication of data 
between data devices and adaptive repeater 12. 

Repeaters 24 and 32 increase the number of data 
devices serviced in first domain 14 and second domain 
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1 6, respectively. Repeater 24 operates at a first rate and 
allows additional data devices to be added to domain 
14. Repeater 32 operates at second rate and allows 
additional data devices to be added to second domain 
16. Repeaters 24 and 32 may be coupled to adaptive 5 
repeater 12 using any of the technologies discussed 
above for coupling data devices, including a f foer optic 
inter-repeater link (FOIRL). 

Data devices in first domain 14 and second domain 
16 couple to ports 34 on adaptive repeater 12. Each 10 
port 34 operates at a first rate or a second rate in 
response to the data rate of the coupled data device. 
Ports 34 are frequency agile, that is, they automatically 
negotiate the rate of coupled data devices and select 
the appropriate frequency to communicate data. There- 15 
fore, a data device may modify its rate and adaptive 
repeater 12 can automatically place the data 'device in 
the proper repeater domain without modifying couplings 
at ports 34. For example, data device 18 may upgrade 
from 1 0-Mbps to 1 00-Mbps, and the associated port 34 20 
would automatically detect the change in data rate and 
place data device 18 in second domain 16. In this man- 
ner, a network that includes data devices at a first rate 
and a second rate can be easily managed, upgraded, 
and reconfigured without the need to modify couplings 25 
at ports 34. 

Uplink ports 36 couple repeaters 24 and 32 to first 
domain 14 and second domain 16, respectively. Uplink 
ports 36 may be switch able to service only a single data 
rate or may be frequency agile like ports 34. In the con- 30 
figuration of FIGURE 1, uplink port 36a operates at a 
first rate and couples to adaptive repeater 12 to 
increase the number of data devices in first domain 14. 
Furthermore, repeater 24 may include another uplink 
port to couple to another repeater for further increasing 35 
the number of data devices in first domain 14. In a sim- 
ilar fashion, uplink port 36b operates at a second rate 
and couples to repeater 32 for increasing the number of 
data devices in second domain 16. Likewise, repeater 
32 may include another uplink port to couple to an addi- 40 
tional repeater for further increasing the number of data 
devices in second domain 16. Repeater-to-repeater 
couplings may be a daisy-chain connection or other 
appropriate coupling. 

Bridge ports 38 couple devices in first domain 14 45 
and devices in second domain 16 to bridge 40 and 
bridge 42, respectively. Bridge port 38a operates, at 
least in part, at a first rate and couples devices in first 
domain 14 to bridge 40. Bridge port 38b operates, at 
least in part, at a second rate and couples devices in so 
second domain 16 to bridge 42. Bridges 40 and 42 are 
shown as separate components, but it should be under- 
stood that they may be combined into an integral bridge. 
Bridges 40 and 42 allow data to be communicated 
between first domain 1 4 and second domain 16, as rep- 55 
resented by link 44. 

In operation, adaptive repeater 12 of network 10 
services data devices at two or more data rates. For 
example, data device 18 communicates data to adap- 
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tive repeater 12. Adaptive repeater 12 detects that data 
is being received at a first rate and re-transmits this data 
to other devices coupled to adaptive repeater 12 that 
are operating at the first rate. Therefore, adaptive 
repeater 12 re-transmits the data to data devices 20 and 
22, and optionally to repeater 24 and bridge 40. Simi- 
larly, data generated at data device 26 at a second rate 
is re-transmitted by adaptive repeater 12 to data 
devices 28 and 30, and optionally to repeater 32 and 
bridge 42. Adaptive repeater 12 automatically detects 
the data rate at ports 34, and establishes first domain 
14 and second domain 16 accordingly. 

Data device 18 in first domain 14 can communicate 
data to data device 26 in second domain 16 using 
bridges 40 and 42. Data device 18 transmits data at a 
first rate to adaptive repeater 12. Adaptive repeater 12 
re-transmits the data received from data device 18 to 
other devices coupled to adaptive repeater 1 2 operating 
at the first rate, including bridge 40. Bridge 40 operating, 
at feast in part, at the first rate re-transmits the data to 
bridge 42 using link 44. In bridge 40 or bridge 42, the 
data at the first rate is converted into data at a second 
rate, and bridge 42 re-transmits this data to port 38b of 
adaptive repeater 12. The data, now at the second rate, 
is then re-transmitted to the devices coupled to adaptive 
repeater 12 operating at the second rate, including data 
device 26. 

FIGURE 2 is a schematic representation of adap- 
tive repeater 12 that includes ports 34, uplink ports 36, 
and bridge ports 38. Adaptive repeater 12 services data 
devices and repeaters in both first domain 14 and sec- 
ond domain 16. Adaptive repeater 12 also couples to 
bridges 40 and 42, which provide communication 
among first domain 14, second domain 16, and other 
repeater domains in network 10. Each port 34 couples 
a data device to an associated interface circuit 50. 

Interface circuits 50 couple ports 34 to a first 
repeater module 62 and a second repeater module 64. 
Each interface circuit 50 includes a port link 52 coupled 
to port 34. A first bus link 54 couples interface circuit 50 
to a first bus 56 operating at a first rate. Interface circuit 
50 also includes a second bus link 58 coupled to a sec- 
ond bus 60 operating at a second rate. First repeater 
module 62 couples to first bus 56, and second repeater 
module .64 couples to second bus 60. First repeater 
module 62 and second repeater module 64 manage 
communications to and from interface circuits 50 over 
first bus 56 and second bus 60, respectively. Interface 
circuits 50 may be Ethernet transceivers or other physi- 
cal layer components that can operate at both 10-Mbps 
and 100-Mbps, depending on the data rate of the asso- 
ciated data device. Examples of such commercially 
available devices include the RCC611 100BaseTX 
transceiver manufactured by Raytheon or the DP83840 
10/100 Mbps physical layer device manufactured by 
National Semiconductor. 

In operation, interface circuits 50 detect received 
data at a first rate or a second rate, and communicate 
data received at the first rate to first repeater module 62 
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and data received at the second rate to second repeater 
module 64. After detecting the rate of the received data, 
interface circuits 50 then select the appropriate data - 
either data at the first rate on bus 56 or data at the sec- 
ond rate on bus 60 - for re-transmission to port 34 and 5 
the attached data device. Interface circuits 50 continue 
to receive and transmit data at the detected rate until a 
different rate is detected. 

First uplink module 62 receives data from a first 
interface circuit 50 operating at the first rate and re- 10 
transmits the data to the remaining interface circuits 50 
operating at the first rate. Similarly, second uplink mod- 
ule 64 receives data from a second interface circuit 50 
operating at the second rate and re-transmits the data 
to the remaining interface circuits operating at the sec- is 
ond rate. 

Uplink interface circuits 66 couple uplink ports 36a 
and 36b to f irst bus 56 and second bus 60, respectively. 
Bridge interface circuits 68 couple bridge ports 38a and 
38b to first bus 56 and second bus 60, respectively. In 20 
the embodiment of FIGURE 2, uplink ports 36 and 
bridge ports 38 are not switchable. Therefore, uplink 
port 36a and bridge port 38a communicate with first 
uplink module 62, and uplink port 36b and bridge port 
38b communicate with second uplink module 64. 25 

First bus 56 and second bus 60 are shown as sep- 
arate components of adaptive repeater 12. However, 
bus 56 and bus 60 may be integral to first repeater mod- 
ule 62, second repeater module 64, interface circuits 
50, uplink interface circuits 66, bridge interface circuits 30 
68, or a combination of these components. The present 
invention contemplates any structure or operation of 
first bus 56 and second bus 60 that allows first repeater 
module 62 and second repeater module 64, respec- 
tively, to interconnect with interface circuits 50, uplink 35 
interface circuits 66, and bridge interface circuits 68. 

FIGURE 3 illustrates a flow chart of a method for 
exchanging data among data devices coupled to adap- 
tive repeater 12 in network 10. A data device 18 trans- 
mits data to adaptive repeater 1 2 (block 1 00) . Interface 40 
circuit 50 coupled to port 34 associated with data device 
18 receives data on port link 52 (block 102). Interface 
circuit 50 performs an auto- negotiation or other tech- 
nique on the received data to determine the data rate 
(block 104). This may be performed using N-way auton- as 
egotiation developed by International Business 
Machines, or any other technique to detect the trans- 
mission rate from data device 18. 

If data is received at a first rate, then interface cir- 
cuit 50 outputs data to first bus 56 using first bus link 54 so 
(block 106). First repeater module 62 receives the data 
using first bus 56 (block 108). First repeater module 62 
then transmits data using first bus 56 and first bus links 
54 to other interface circuits 50 operating at the first rate 
(block 110). The other interface circuits 50 operating at ss 
the first rate transmit the data using port links 52 to 
associated data devices attached to ports 34 (block 
112). 

If interface circuit 50 determines that the data 



received at port link 52 is at a second rate (block 104), 
then interface circuit 50 outputs the data on second bus 
link 58 coupled to second bus 60 (block 114). Second 
repeater module 64 receives the data using second bus 
60 (block 116). Second repeater module 64 then trans- 
mits the data using second bus 60 and second bus links 
58 to other interface circuits 50 operating at the second 
rate (block 118). The other interface circuits 50 operat- 
ing at the second rate transmit the data using port links 
52 to associated data devices attached to ports 34 
(block 120). 

First repeater module 62 and second repeater mod- 
ule 64 may also communicate with associated uplink 
interface circuits 66. Uplink interface circuits 66 commu- 
nicate with repeaters 24 and 32 to increase the number 
of data devices in first domain 14 and second domain 
16 t respectively. First repeater module 62 and second 
repeater module 64 may also communicate with bridge 
interface circuits 68. Bridge interface circuits 68 commu- 
nicate with bridges 40 and 42 using bridge ports 38. 

Although the present invention has been described 
with several embodiments, a myriad of changes, varia- 
tions, alterations, transformations, and modifications 
may be suggested to one skilled in the art, and it is 
intended that the present invention encompass such 
changes, variations, alterations, transformations, and 
modifications as fall within the scope of the appended 
claims. 



Claims 

1 . A repeater for exchanging data among a plurality of 
data devices, comprising: 

a first repeater module operable to receive first 
data from a first data device operating at the 
first rate and to communicate the first data to 
the remaining data devices operating at the 
first rate; and 

a second repeater module operable to receive 
second data from a second data device operat- 
ing at the second rate and to communicate the 
second data to the remaining data devices 
operating at the second rate. 

2. The repeater of Claim 1, comprising a plurality of 
interface circuits coupled to the data devices, each 
interface circuit coupled to the first repeater module 

' and the second repeater module, each interface cir- 
cuit operable to communicate data received at the 
first rate to the first repeater module, each interface 
circuit further operable to communicate data 
received at the second rate to the second repeater 
module. 

3. The repeater of Claim 1 or Claim 2, comprising a 
plurality of interface circuits, each interface circuit 
coupled to the first repeater module and the second 
repeater module, each interface circuit operable to 
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receive data from an associated data device and to 
communicate data to a selected one of the first 
repeater module and the second repeater module 
in response to the rate of the data. 

4. The repeater of any of Claims 1 to 3. comprising an 
uplink interface circuit coupled to the first repeater 
module. 

5. The repeater of any of Claims 1 to 4, comprising a 10 
bridge interface circuit coupled to the first repeater 
module. 

6. The repeater of any of Claims 1 to 5, wherein the 
first rate is ten megabits per second and the second is 
rate is one hundred megabits per second. 

7. The repeater of Claim 2, comprising: 

a first bus coupled to the first repeater module 20 
and the interface circuits; and 
a second bus coupled to the second repeater 
module and the interface circuits. 

8. A system for communicating data comprising: 25 

a plurality of data devices, each data device 

operable to communicate data at one of a first 

rate and a second rate; and 

a repeater according to any of the preceding 30 

claims. 

9. The system of Claim 8 when dependent on Claim 3, 
wherein each interface circuit is coupled to an asso- 
ciated data device. 35 

10. The system of Claim 8 or Claim 9, comprising an 
additional repeater coupled to the first repeater 
module. 

40 

1 1 . The system of any of Claims 8 to 10, comprising: 

a first bridge coupled to the first repeater mod- 
ule; and 

a second bridge coupled to the first bridge and 45 
the second repeater module. 

12. A method for exchanging data among a plurality of 
data devices coupled to a repeater, comprising: 

50 

communicating data from a transmitting data 
device to the repeater at a data rate; 
communicating the data, in response to the 
data rate, to one of a first repeater module and 
a second repeater module residing in the ss 
repeater; and 

communicating the data from the selected one 
of the first repeater module and the second 
repeater module to other data devices coupled 



to the repeater and operating at the data rate of 
the transmitting data device. 

13. The method of Claim 12, wherein the step of com- 
municating the data, in response to the data rate, 
comprises: 

receiving the data at an input of an interface cir- 
cuit; and 

communicating, in response to the data rate, 
the data on a selected one of two outputs of the 
interface circuit. 

14. The method of Claim 13, wherein the step of com- 
municating the data, in response to the data rate, 
comprises negotiating the data rate between the 
transmitting data device and the interlace circuit 

15. The method of Claim 13, wherein one of the two 
outputs is coupled to the first repeater module and 
the other of the two outputs is coupled to the sec- 
ond repeater module. 

16. The method of Claim 12, comprising communicat- 
ing the data from the selected one of the first 
repeater module and the second repeater module 
to a bridge. 

17. The method of Claim 12, comprising communicat- 
ing the data from the selected one of the first 
repeater module and the second repeater module 
to an additional repeater operating at the data rate 
of the transmitting data device. 
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